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I. INTROPUCriON 
In molecular and atomic spectroscopy, the phenomenon of 
phosphorescence or delayed light eraisaion is well known and 
has "been observed in many substances. Similarly in nuclear 
spectra, the phenomenon of delayed gamma ray emission or 
IsGaerlsm occurs in many elements. Over a hundred Isomers are 
listed in nuclear spectra or isotope tables (1,2) and new ones 
are continuously being added. A study of these tables reveals 
the existence of "Islands" of isomers; that is the tendency 
of this type of transition to occur around nuclei of particular 
atomic numbers. The existence of these islands is successfully 
predicted by the nuclear shell structure of M. flayer and 
J. Jensen (S). This theory, baaed on a spherically symmetric 
harmonic oscillator potential, ascribes isomerism to single 
particle transitions involving large angular momentum or spin 
changes. Thus th® existence of a large angular momentum 
difference between an excited state and lower lying level 
presages a region in the periodic table where isomerism should 
occur. The wide degree of correlation between the predicted 
levels and the observed transitions is a good corroboration of 
this model. 
There are some isomers, for example y|fl85m 
Qgl91ai (x,2,S) for which no isomeric level seems possible on 
the basis of the shell model by M. Mayer and J. Jensen. The 
ground states and parity of certain nuclei (1,2,3,4) are also 
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in disagreement with the predicted values. These nuclei occur 
In a region of the periodic chart where nuclei are known to 
hm® larg® intrinsic quadrupol© moments or deforraatlons. A 
more general theory of nuclear shell structure, which was 
developed hy S« lilsson and B, Mottelson (5) on the basis of 
an asyjaiaetric type of harmonic oscillator potential, success­
fully predicts the single particle levels associated with these 
deforaed nuclei. Further, this shell model justifies the non­
existence of some isomers and predicts the possibility of 
finding others. While the experimental evidence is in agree­
ment with the predictions of Nilsson (4), the investigation of 
the deformed nuclei region is far from coraplete. Some of the 
deformed nuclei have been produced by neutron activation of 
stable elements. However, due to the method of activation, 
only long lived spectra are observable. Also, most of the 
deformed nuclei region is occupied by the rare earth elements, 
and as the separation of these is difficult, their availability 
is limited. Sine® the predictions of isomeric states in the 
deformed nuclei region depends critically upon Nilsson's model, 
it is Important for the verification of this model that other 
isotopes in this region be investigated. 
To make a thorough search for Isomeric transitions in 
various nuclei. It is essential that the observations Include 
those Isomers that possess very short half lives. The measure­
ment of these short lived activities requires pulsed activation 
periods that are well defined In time. At the present time. 
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pulsed beams of neutrons of sufficient intensity are unavaila­
ble, but pulsed beams of charged particles and X-rays with high 
intensities are produced by various types of particle acceler­
ators. Although previous reports (6,7) indicate that little 
success has resulted from observations made between accelerator 
beam pulses, recent developments in this laboratory and at the 
University of Illinois make such measurements possible. 
The Iowa State College Synchrotron is an electron acceler­
ator which can be made to deliver a 60 millimicrosecond burst 
(8,9) of X-rays, fifty-two times per second. The limitation 
of the Intense X-ray burst to this short interval of time 
makes the synchrotron an ideal instrument for the generation 
of short lived Isomers. The geometric arrangement and appa­
ratus for measuring such short lived Isomeric transitions is 
shown in Figure 1. This figure is a rough sketch of the elec­
tron acceleration chamber. X-ray beam position, bombarded 
target and the scintillation spectrometer for counting the 
target activity between X-ray bursts. The photomultlplier tube 
of the scintillation spectrometer is gated off during the X-ray 
burst and the acceleration cycle of the synchrotron. By this 
means, any excessively large signals which result from scat­
tered radiation during the acceleration cycle and beam time are 
avoided. With this setup, several known isomers previously 
found in coincidence ?;ith beta eraission and many unknown iso­
mers have been observed. This is a report on one such isomer 
found in tungsten. Subsequent to the observation of the 
4 
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tungsten isomer. Dr. M. Stewart and Dr. C. Hammer used thia 
method to lOTestlgat® other elements in the deformed nuclei 
region, specifically the rare earth region. The isomers thus 
found were the subject of a report (10) "by Dr. M. Stewart at 
the 1955 Physical Society meeting at Washington, D. C. All 
of these Isomers are in agreement with the predictions of the 
lllsson model and are therefore further Terlfication of this 
model. 
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II. REVIEW OF THEORY AID PREVIOUS EXPERIMENTAL WORK 
A, The Shell Structure Theory 
1» The aphertcally syametrlo modal 
In atomic and molecular spectra, the electron transitions 
producing tb© electromagnetic radiations are most readily 
explained hy the shell structure theory. The theoretically 
predicted energy levels for the electrons show a very high 
degree of correlation with experimentally derived values. 
Phosphorescence or delayed light emission is also explainable 
from this type of electron structure. Similarly in nuclear 
spectroscopy, the shell structure theory is especially appli­
cable in explainir^ delayed gamma ray transitions or isomerism. 
In the nuclear case, the potential for a single particle, 
either proton or neutron, is roughly approxirnated by the 
average field due to all other particles. A three dimensional 
harmonic oscillator type of potential, 
V = •«' a^ r^  
o 
produces a shell type structure with energy levels that 
resemble those associated with nuclear phenomena. With this 
type of potential, the solution of Schrodinger*s wave equation 
(see Appendix A) results in the quantIjsation of three physical 
quantities: S, the energy level of the shellsj J?, the angular 
momentum of the particle; and m, the projection of the angular 
7 
aomtntum on a spatial axis. These quantum numbers satisfy the 
following relationahlps, 
Ms fiu>{nQ 4-Z/2} 
HQS 2k + J? 
k a radial quantum number 
= 0, 1, 2, 5, 4, 5, 6, 
jf a angular momentum quantum number 
» s, p, d, f, g, h, i, 
® • • • • • • • • • 
m s the projection of on a spatial axis. 
-Jl < in < jL 
The energy laveIs, E, predicted by this model are shown in 
Figure 2, Column 1. Bach energy level Is composed of combina­
tions of k and A such that n^ remains a constant. 
Actually the energy levels of the nucleons lie somewhat 
between those predicted by a harmonic oscillator type potential 
and those of a square well potential. This flattening of the 
potential may be approxlraated by including another term in the 
potential energy, 
? = t + b I •? . 
If this Ji * X term la included in the potential energy, the 
degeneracy in the various levels is removed. The previously 
degenerate members are split in such a manner that nucleons 
with larger Jl values are more tightly bound. This is shown 
8 
Coluam 1 Column 2 Colmroi 3 
* 
6ho»-~li|2g,3d,li8-— 
U 
\ (126) 
\ 3p 1/2--
 ^ 3p .-J -.«2f 5/2 
3p 3/2— 
^ 2f— r ^ li 13/2— 
5110) ~lh,2f,3p ^ —Ih 9/J?— 
(82) 
11/2--. 
, 3s—— --3s 1/2— 
- —26 3/2 
lihuj —lg,2d, 3s f 2d 5/2— 
.---Ig 1/T. 
—Ig- -c'' (5^^) 
S s 
\ 
\ 
3ha» ~lf,2p— ....jw ?P 1/? 
X ^ V?—' 
3/^  
(?8) 
 ^ If 7/?--
(20) 
2ha>«-ld,2s..— -—2s— ill... 
Id <- Id 5/0 
(8) 
ITitu—lp— ^-"—Ip 1/2 
-
Ip 3/2 
( 2 )  
OncK —Is—..^ — 1e Is 
Wtgmm 2m «a»»gjr for n p#i»twfe»a 
9 
in Figur® 2, Goluian 2. 
In the abo^e assumptions, th© effect of the intrinsic 
apln of the nucleons on the energy levels is not included. 
The interaction of the spin of the nucleons with the orbital 
angular momentum adds another terra to the assumed potential, 
namely 
? s -¥Q • a^r^ i- h i * 9 +f(r)f*s. 
The addition of this spin-orbit term splits each energy level 
into two levels# The effect of this splitting on the various 
levels is shown In Figure 2, Column 3. f^lhen the spin and 
orbital angular momentum are parallel, the energy level la 
lower than the level of the sauie nucleon with its spin and 
orbital momentuB antlparallel. The total angular momentum 
of the nucleon then become® 
j = -8 • s 
J = m 1/2 
where j Is the total angular momentuBi. 
It is now possible to point out the many features of 
the shell structure and to correlate these features with 
physical phenomena. For instance, the phenomenon which gives 
certain nuclei the connotation of being "magic" is associated 
with the closure of a shell. Protons and neutrons have 
independent shell structures and the filling of either a 
proton or neutron shell msLj produce significant results. 
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fli® filling of a proton shell resulta in a nucleus that may 
have many Isotopes, whereas, the filling of a neutron shell 
maj result In the existence of many isotones. Such physical 
properties as the variation of the binding energy of the 
nucleons, th® magnetic moment of nuclei, the pairing effect 
and isomerism are all explainable on the bssls of this shell 
structure. 
As previously stated, isomerism is attributable to 
transitions of single particles between levels which possess 
very large differences in total angular momentum. Large Z •s 
terms cause high angular moiaentum states to be in close prox­
imity to states possessing low angular momentum. (See Figure 2, 
Coluam 3.) Transitions involving large angular momentum 
changes have saall transition probabilities and therefore are 
very long lived. The islands of isomers as predicted by the 
theory have been fully verified by the concentration of iso­
meric states in the regions of large angular momentum differ­
ences. This by itself is a amjor contribution of the shell 
theory. 
2. An asyimaetrie nuclear model 
Certain nuclei such as etc., 
(1,2,3,4) possess ground states and parities that are not 
predictable by the shell structure theory of M, Mayer and 
J, Jensen (3). Also, a few isomeric transitions (1,2,3,4) 
occur in nuclei for which no isomeric levels seem possible. 
11 
All of th©8® nonpre diet able cases occttr in a region of the 
periodic ehart where the nuclei are known to have large intrin­
sic qtaadrupol® momenta or deformations. It is logical to 
assume that the energy levels as predicted by a spherically 
symmetric potential are distorted by the nuclear deformation 
or asyimnetry. A glance at the quantum nuisbers, raj, predicted 
by the assumption of a spherically symmetric potential, shows 
that a degenemacy exists due to the spatial orientation of the 
various nucleons with a particular angular momentum. Thus a 
dg/g level has six values for or -H orientations. Many 
of these degeneracies are removed by assuming an anisotropic 
potential for the oscillator, 
? s -ITQ 4- a^ (x^  + y^ ) + 0^ 2® • b I *7 • f (r) * s, 
A nucleus with a closed shell produces a field which is 
isotropic but a nucleus with a partially filled shell will be 
distorted. This distortion or deformation may be negative or 
positive depending on the partially filled shell. To obtain 
reasonable results with such a defornsation, a coordinate 
system which has one axis coinciding with the axis of symmetry 
of the nucleus is assumed. 
Various inveatlgatora (4,5,11,12) have attempted to 
apply such a potential with varying degrees of success. The 
most successful of these models is a formulation by S. Hilsson 
and B, Mottelson {5). This model successfully predicts the 
levels associated with deformed nuclei, i.e., nuclei with 
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proton values from 50 to 82 and neutron values from 82 to 126. 
In this modified shell structure the projections of 
a, Ji » axis of symmetry are designated as 
and C , respectively. If the deforaiatlon forces are small 
with respect to the jf * s coupling forces, then the vector 
sum of j? and s Is a constant and precesses slowly about the 
axis of synmetry. Both the vector sum of i and a and its 
projection on the axis,^ , are in this case good quantum 
nuHibers. (See Figure 3, a.) With small deformation forces, 
the potential field is quite symmetric; and all the nucleons 
that have the seme total angular momentum vectors possess the 
same energy. In other words, these energy levels degenerate 
into a single level. 
If the deformation forces are large with respect to the 
H * M coupling forces, then the rotational angular momentum 
and spin become decoupled and must be considered as separate 
entities. The angular momentum and spin vectors then perform 
independent precessions about the nuclear axis, (See Figure 
3, b.) The projections ofT and s on the axis of symmetry 
remain good quantum numbers, but the vector sum of JL and s 
does not give a good quantum nxuriber. In this case nucleons 
which have the same total angular momentum but different 
values forJX no longer possess the same energy. For large 
deformation forces, the splitting of the energy levels be­
comes so large that interlacing of the various angular 
momentum states occur. 
u 
z 
s 
(a)  
2 
(b) 
figmre Spin-orbit aoiwnttt dii«gi?aBi sbowing (ft) woftk coup­
ling to th# auoloai* axis, i««., tightly eoupl«d 
•pin-orbit v«ctor»f Cb) strong eoupling of aoaisnta 
to mo3.®ai> axis and eonsaqtiont doeoupling of th« 
spin-orbit a»0senta» 
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In hi® extension or modification of the single particle 
model, Nilsaon calculates th© deformation for various nuclei 
and finds the splitting of the energy levels as a function of 
this deformation (4). A reproduction of his graph, showing 
the level splitting for nuclei with protons from 50 to 82 is 
shown in Figure 4. (For nuclei with 82 to 126 neutrons see 
Figure 27.) Although the assignment or placing of these 
levels is not final and may need slight adjustment later, 
thej successfully explain the ground states (1,2,4) and a few 
heretofore unexplained isomers (3) in highly deformed nuclei. 
Although existing data agree with this modified single particle 
model, a more thorough exploration of the deformed nuclei 
region is needed to fully verify this model. 
B, leview of Previous Experiments 
1. Meaaureaient of isomeric tranaitlons 
Th© search for long lived transitions has resulted in 
the discovery of over a hundred isomers. The half lives of 
these isomers range from a few millimicroseconds to longer 
than 3 years. At the tlwe this experiment was initiated, 
very few isomers with half lives from ten microseconds to one 
second had "been found. The failure to measure isomers with 
half lives in this region may "be due to many causes. As 
previously mentioned, the method of excitation places certain 
restrictions on th© measurements that are performed. The 
h aj(S) 
IS 
28 51 42 
55 h 
5.25 
5 h 
4.75 
• 1 + 
8 
^ 2 /  
I-
Plgttr® 4i A i»«pro4metloii of lll8®on*8 tnergy for 
16 
method of detecting transitions is also a limiting factor. 
The Qeiger tube, which was used initially for the detection 
of radiation, is an inefficient means for gamma ray detection. 
The insensltlvltj of the Geiger tube to garama rays, its 
inability to resolve radiation energies, and its long dead 
ti»ie limit the use of this method for counting isomers. Only 
highly converted gamma rays are capable of being counted. 
Table 1, Section 1 lists the short-lived isomers that were 
found by using Geiger tubes and delayed coincidence circiiits. 
It the time this project was Initiated, phosphors and 
photoMultiplier tubes had gained recognition as a means of 
separating various types of radiation occurring in radioactive 
isotopes. 11th the aid of these scintillation spectrometers, 
beta and gamtia ray emlsaions became readily Identifiable and 
their energy spectra highly resolvable. The utilization of 
these scintillation spectrometers and of fast coincidence 
circuits gave impetui to the search and at least thirty 
isomers {1,2) were discovered with half lives of less than 
one microsecond. The isomers with half lives from one micro­
second to on© second that were detected by this method are 
listed in Table 1, Section 2. Again as In the detection with 
Gelger tubes, the isomeric transitions wore found in delayed 
coincidence with beta emission or in reactions where other 
emanations were few or could be eliminated. It is of interest 
to not® that until recently the only isomer discovered with a 
half life in the hundred microsecond region was obtained by 
17 
using one of th® techniques which was used in the present 
experiment. D. S. Alburger and M, H. L. Pryce (20) employed 
an oscilloscope as a means of displaying the decay of Pb . 
2. Excitation of nuclei to isomeric levels 
With the aid of high energy particles or gamma ray beams 
that are produced by modern accelerators, many long lived 
Isomers are mad© frora elements either by direct excitation or 
by the ejection of nucleona. It was therefore natural that 
the groups possessing pulsed accelerators should attempt to 
find short lived isomers by counting between accelerator 
pulses. The 32 Mev cyclotron at the University of California 
was used in such a search (6} for excited states with half 
lives frora one to fifty milliseconds. The pulse width of 300 
mlcroseeonda precluded the possibility of measuring activities 
with half lives less than several hundred microseconds. Prom 
the bombardaent of 17 elements, only one isomer was found* 
The bombardment of Ta resulted In an activity with a half life 
XRT 
of 5.5 milliseconds. This Is attributable to a Ta (p,2n) 
wis®®. pQUQtion. In the present experiment, the excitation of 
this metastable state by a ')^,2n)wl®^ reaction is possi­
ble, but a search failed to reveal any such activity. 
1. A, Becker and H. N. Brown (7) at the University of 
Illinois were the first to attempt to detect brerasstrahlung 
(x-ray) induced isomeric transitions by counting between the 
beam pulses of a betatron or synchrotron. Very little success 
18 
resulted due to the various obstacles encountered. The only 
isomer that could be verified, was assigned a half 
life of 16 Biicroseconds. This value Is much shorter than the 
previously reported half life for this isomer. (See Table 1, 
Section 1.) Although these efforts began in 1953, this group 
failed to report any further progress until recently. The 
obstacles that have hindered the Illinois group in their 
search for short lived isomers were very similar to those 
found In connection with the Iowa State College synchrotron. 
These difficulties and their solution will be described in 
the next section. The elimination of these difficulties by 
the Illinois group and the Iowa State College synchrotron 
group makes possible the measurement of short lived activities. 
19 
Table 1. Short llT®d 
from 1 
isomeric transitions with 
to 150 microseconds 
half-lives 
Isomer T(yits) Parent reaction Reference 
Section I 
1.0 gj,169__^^gjl69in ^ g- (13) 
2.5 gpl71^^gjl71m 4 Q- (13) 
rj,g^l81m 22 Hfl81->Tal81m ^ (13,14) 
Kg187m 0.65 Ifl87ia^jl^l87m (13) 
Section 2 
Zn®'® 9.5 Zn^®(p,n)Oa®'^ 
+ e" 
(15) 
8.5 (16,17) 
OgTSm 4.6 
(K capture) 
(18) 
H^ esm 0.9 Sx.85^ l^ l385m 
(K capture) 
(19) 
Section 3 
l^ 206m 145 Fb207(d,t)Pb^°®°* (20) 
^O^lSllH 16 Ta^®^(y,y)Ta^®^® (7) 
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III. IXPERIMEKTAL TESTS AMD APPARATUS 
Th® Iowa Stat© College Synchrotron is an electron 
accelerator i»lth an acceleration period of less than five 
milliseconds and a repetition rate of fifty-two cycles per 
second. After toeing accelerated to a predetermined energy, 
the electrons produce a 'brefflastrahlung (X-ray) beam by strik­
ing a tungsten target. The bombardment of materials with 
this X-ray beam produces various photonuclear reactions in 
the bombarded elements. Many of these photonuclear events 
leave the residual nucleus in an excited state. If a meta-
stable level exists among these excited states, th© radiation 
resulting from the decay of this level can be measured during 
the quiescent period between the X-ray bursts. 
Th© method which Is used in this experiment for measuring 
Induced activity between the synchrotron X-ray bursts employs 
a scintillation spectrometer for the detection of such 
activities. This spectrometer utilizes a Nal(Tl) crystal 
for th© detection of the X-ray induced radlactivity in the 
bombarded target. Figure 5 is a photograph showing th© 
units employed in th© target area. Th© scintillation 
spectrometer is located on© inch from th© target and th© 
axis of th© beam, and Is shielded by the lead housing from 
all radiation ©xcept that emanating from the target, Pigur© 6 
is a diagram representing the relative positions of th© 
accelerating chamber. X-ray beam, bombarded target and 
21a 
21b 
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spectrometer. 
The electrical pulses that are produced in the photo-
multiplier tub© by the solntlllatlona In the lal crystal ar« 
sent to the synchrotron control room with the aid of a White 
follower. After being amplified, the pulses are analyzed in 
order to obtain the half life, energy spectrum and activation 
curve of the transition. Figure 7 shows in block diagram 
form the electronic components employed for activity measure­
ments. The upper section of this diagram represents the 
components used in the accelerator room and the lower section 
the units employed at a remote station, i.e., the synchrotron 
control room. 
The photomultiplier tube of the scintillation spectrom­
eter is gated off during the X-ray burst and the electron 
acceleration period of the synchrotron. This gating is 
accomplished by switching the potential level of the second 
dynod© of the photomultiplier tube. By this means, any 
excessively large signals resulting from scattered radiation 
are avoided. However, the Nal crystal fluoresces for approxi­
mately 15 microseconds after the intense X-ray burst. It is 
therefore doubtful that this method could be used to measure 
transitions with, half lives less than five microseconds. 
The principal background encountered in this experiment 
is due to activities that result from neutron capture in the 
laX crystal and the surrounding materials. The neutrons have 
a definite moderation time with an apparent half life of 
24 
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approximately 200 fflicrosecoriGis, and produce a spectral dis­
tribution centered about 135 kilovolta. This background is 
reduced to a reasonable level with boric acid, lead, copper 
and cadmium shielding. 
In the imrestigation of several elements such as copper, 
gold, etc., the total activity varied slightly from target 
to target. As no Isomeric transition or other short lived 
activity could be detected, this was attributed to an in­
creased neutron flux due to the X-ray bombardment of the 
various targets. Therefore, when a previously unreported 
isomeric transition was found in tungsten, the background 
activity was simulated by using a gold target in place of the 
tungsten. Thus the neutron flux, due to the bombardment of 
the tungsten target, was sliaulated for the background runs by 
the bombardment of an element with a siaiilar neutron density. 
For the analysis of the Isomeric activity, three differ­
ent pitlse height analyzers were used in this experiment. One, 
a 234 channel Cathode Hay Oscilloscope pulse height dis­
criminator (21) was used to determine the energy of the gamma 
rays. In addition, since this analyzer employs a cathode ray 
oscilloscope as its basic component, it is possible to convert 
the 234 pulse height channels into 234 time channels by merely 
starting a calibrated sweep at the time the X-ray burst 
occurs. Half lives in a range from one microsecond to ten 
milliseconds can be measured with this instrument, ^i^hen this 
26 
amlyuer was uaed to measiore half lives, a single channel 
pulse height discriminator served to preselect the energy of 
the gaasaa ray under investigation. The third pulse height 
analyzer, a standard ten channel pulse height discriminator 
was employed to follow the yield of the gainma rays as a 
function of the peak energy of the synchrotron X-ray "beam, 
i.e., for activation raeasurements, 
All three pulse height selectors were electronically 
gated to accept pulses only during a time interval correspond­
ing to several half lives of the activity being measured. 
This second gating system reduced the effect of any long lived 
activity induced in the target or surrounding materials by 
the X-ray beam. 
In order to test the validity of the method for measuring 
half lives, both the Zn^'^®{16,17) and Y®®®(22) known meta-
st&bl® states were excited by the X-ray beam. The successful 
observation of these isomers, previously found in coincidence 
with beta emission, ascertained the workability of the equip­
ment and indicated that the search for unknown short lived 
isomers should prove profitable. 
A, Preliminary Beam and Background Studies 
Various troublesome factors arise in measuring short 
lived activities between the accelerator beam pulses. The 
X-ray beam, the X-ray induced reactions and photoneutrons 
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all creat® proTslems that hinder the measurement of the activi­
ty. Until recently, thea© factors prevented the measurement 
of short lived activities between the X-ray pulses of electron 
accelerators. The overcoming of these difficulties "by the 
Iowa State College synchrotron group and by Vegors and Axel 
(22) of the University of Illinois betatron group has resulted 
in the discovery of many unknown isomers with short half lives. 
1. Beam modlficatlona 
In measuring short lived activities, the electronic equip­
ment is allowed to count only during a short interval of time 
between the beam biirsts. As the time separation between the 
X-ray pulse and the start of this counting interval is reduced, 
several troublesome factors may arise. If the X-ray pulse 
duration exceeds the half life of the activity or if pulse 
straggling occurs, the measurement of such activity becomes 
difficult. Because of this beam straggling and an Initial 
high background activity, the first attempt to measure short 
lived isomers failed. The reduction of the synchrotron X-ray 
pulse duration proved to be a major problem. Methods that had 
been successful in reducing the duration of betatron X-ray 
pulses did not work on the synchrotron. A complete analysis 
of the problem by ISr. C. L. Hammer and this author (8,9) gave 
satisfactory results. With the reduction of the synchrotron 
X-ray burst to a 60 rallllmlcrosecond width, beam straggling 
is eliminated and no longer limits the separation between the 
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counting interval and X-ray pulse. After this success, more 
optimism was felt about the possibility of measuring very 
short lived isomers# 
S. garoma ray shielding 
As the photospeotrometer is very sensitive to all types 
of electromagnetic radiation, various means are employed to 
protect the counting equipment from ttie X-ray beam blast. 
Beam collimation prevents the creation of any activity in the 
vicinity of the spectrometer except that induced in the bom­
barded target. A lead housing protects the spectrometer from 
scattered radiation that occurs throughout the accelerator 
room during the electron acceleration cycle and X-ray burst. 
This lead housing reduces the background by fifteen per cent. 
It is impossible to shield the Hal crystal from X-rays that 
are scattered by the bombarded target. To prevent these 
pulses from affecting the counting of activity, two gating 
units are used. One gating circuit blocks the phototube during 
the acceleration cycle and X-ray burst and the second gat© 
selects the counting period. These units will be described 
in later sections. 
5- leutron shielding 
It was noticed that large amounts of hydrogenous materi­
als placed close to the scintillation spectrometer increased 
the background activity. This indicated that this activity 
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lalght be neutron engendered. Cadmium shields were tried with 
onlj a slight reduction In background counting rate. Thla 
background activity possessed a moderation time of several 
hundred microseconds. With additional equipment which will 
be described under energj spectrum measurements, the spectrum 
of this background activity was obtained. The energy apectrum 
of this background activity as compared to the energy spectrum 
of the pulses generated In the spectrometer by the proximity 
of a wax encased Po-Be neutron source Is shown in Figure 8. 
The similarity of the two spectra suggests that the back­
ground is prismrlly due to a slow neutron flux. 
It was thought that a reduction of the neutron background 
Blight be accomplished by encasing the spectrometer in a 
material other than lead. The spectrometer was placed in the 
open, i.e., all other materials were removed from its vicinity, 
and the wax-enclosed neutron source was placed about eight 
inches from the crystal. The Insertion of a two-inch thick 
copper block between the neutron source and crystal reduced 
the counting rate by somewhat leas than ten per cent. A 
20 mil thick sheet of lead placed between the neutron source 
and copper block reduced the counting rate by a small amount. 
This reduction was the same as the calculated value for 
neutron absorption by lead. By placing the same lead absorber 
between the copper block and lal crystal, the counting rate 
dropped by approximately 30 per cent over the previous 
arrangement. As a gamma ray flux Is attenuated much more 
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than a neutron flux bj a lead absorber, this experiment Indi­
cates that a substantial aiaount of the outgoing flux from the 
copper was gamma rays, fhis could only occur from the absorp­
tion of neutrons and the emission of gamraa raya in the copper. 
With a lead faced copper lining for the bombardment tunnel, 
the backgroiHid counting rate dropped by approximately 20 per 
cent • 
Bricks made from a mixture of boric acid and paraffin 
were placed in regions were neutron production might occur and 
where neutron absorption was necessary. These neutron absorb­
ers reduced the background by another eighty per cent. The 
use of these bricks behind the two-inch copper lining in the 
lead castle and around th® beam collimators reduces the back­
ground to such a low value that even low intensity isomers are 
measurable. The placement of the copper lining and boric acid 
bricks is shown in Figure 6. 
B. Beam Blocking Circuit and Scintillation Spectrometer 
The scintillation spectrometer consists of a Standard 
1.6-lnch diaiaeter, l-inch thick Harshaw NaI(Tl} crystal opti­
cally attached to the center of a three-inch DuMont 6363 
photoaultlplier tube. Litharge and lead collimators protect 
the spectrometer from X-ray beam irradiation and the castle 
absorbs much of the scattered radiation and neutron flux. 
The pulses that are produced in the spectrometer by those 
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X-rays scattered Into the crystal from the target, are elimi­
nated toy gating circuits# The first gate prevents the passage 
of pulses In the phototube by pulsing the second dynode to the 
potential of the photosurfaoe. The second gate chooses the 
tlrae region In which activity Is observed. Without gating, 
It Is Impossible for the electronic circuits to recover from 
the pulse due to scattered radiation. With gating, the 
electronic circuits remain dormant during the acceleration 
cycle and X-ray burst. The electron acceleration period has 
been Included because many electrons escape and create 
scattered photons during this interval. 
Several methods of gating the photomultiplier tube were 
tried with varying degrees of success. Shifting the photo-
eathode potential In the DuMont 6S6S photomultiplier produces 
undesirable results as the resistivity and stray capacitance 
of the photocathode surface prevents rapid changes in poten­
tial. 11th this method, the phototube pulses require a 
hundred microseconds to reach equilibrium and this variation 
in pulse size badly distorts the activity energy spectrum, 
Ihen the first dynode is gated. Its potential is changed to 
repel the electrons emitted by the photocathode. During 
beam time, electrons may originate on the photocathode 
surface or shield with sufficient energy to overcome the 
potential barrier between the photocathode and first dynode, 
Also, X-rays that penetrate through the tube may strike the 
first dynode, (See Figure 9.) By means of Compton scattering 
m 
PHOTOCATHODE 
SURFACE 
DYNODE I DYNODE 2 
DYNODE 3 v.. DYNODE 4 
PHOTO ELECTRONS 
X - RAYS 
tube ftnd ph©t$«l«etroii» to 
54 
or photoelectric effect, the electrons or X-rays that strike 
the first dynod© produce a shower of electrons which are then 
accelerated to the second dynode and thus create a phototube 
pulse. For this reason, a pulse is observed at beam time when 
the first dynod® Is gated. Although gating the first dynode 
is adequate, gating the second dynode gives better results. 
As can be seen from Figure 9, the ntiMber of X-rays and photo-
electrons produced on the photosurface that are capable of 
striking dynode No. 2 Is reduced greatly by solid angle con­
siderations. The low energy photoelectrons and Compton 
recoils are repelled by the reversed or repelling potential 
which is applied to dynode Ho. 2. Also because each state or 
dynode ordinarily has an amplification factor of 3 or 4, 
gating the second dynode rather than dynode No. 1 may reduce 
the pulse produced during the X-ray burst by this factor. 
With the reversal of the second dynode potential from an 
accelerating to a repelling status, the pulse generated from 
scattered radiation at beam time is reduced to a very small 
amplitude, i.e., to less than that produced by a 10 kev garraaa 
ray, 
!rhe electronic circuit employed for phototube blocking 
is shown in Figure 10. This circuit consists of a bistable 
maltlvlbrator operating with the 60X6 plate potential either 
below ground when the 6CIi6 conducts or above ground potential 
while the 6CL6 Is In a nonconducting condition. In order to 
d.c. couple the plate of one 6CL6 to the photoamltlplier tube. 
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th® photocathod© surface is operated at ground potential. 
With this arrangement, dynode Ko. 2 assumes the highly regu­
lated potential of th® multivibrator plate stipply when the 
coupled 6CL6 Is cut off. As the photomultiplier tube Is In 
operation only when the coupled 6CI^ la cut off, and as the 
high TOltage phototube supply Is regulated, detectable varia­
tions In phototube amplification do not occur. The switching 
of th© d.c. potential level takes place in less than three 
microseconds. That is, the rise time of the gate is leas 
than three microsecondsj and therefore, the phototube output 
pulses require less than three microseconds to reach equilib­
rium. As the start of the counting Interval is always delayed 
more than this amount, no distortion in the observed activity 
pulses occurs. 
The conducting status of the photomultiplier tube is 
rapidly changed by the application of a negative pulse to 
the control grid of either 6CI£. A negative pulse applied to 
the control grid of the 6Cl£ that is coupled to the phototube 
puts the phototube into operationi and a negative pulse applied 
to the other 6CI6 stops the amplification of pulses in the 
photomultiplier. The phototube gatlng-on pulse occurs a few 
mlcroaeconda after beam time, and the gatlng-off pulse takes 
place at the beginning of the next synchrotron cycle, i.e., 
the next electron acceleration cycle. 
Some photomultiplier tubes do not function properly 
when gated# Output pulses appear in these tubes when the 
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imltivlbrator clianges state. This effect could not b© due 
priiaarlly to capacitive feedthrough, because bypassing all 
djnodes, except lo. 2, to ground with large capacitors reduces 
the pulses only slightly. These pulses could be produced by 
high values of dark current in a phototube. Also, when the 
second dynode potential goes to ground, the electric field 
gradient between this dynode and dynode No. 5 is increased by 
a factor of 3 or 4. It is observed that if the potential 
difference between dynode lo. 2 and dynode No. 5 is in excess 
of 400 volts, the phototube dark current increases by a large 
factor. This spontaneous emission from dynode No. 2 creates 
large pulses in the phototube output at the instant of the 
change in operational status of the phototube. This exces­
sive dynode potential also generates a large amount of output 
"hash** during the period that the phototube is in its gated-off 
cycle. These effects vary distinctly from phototube to photo­
tube, making a careful selection necessary. In general, the 
DuMont 6363 photoraultipllera give the best results. With 
proper selection of ph-ototube, the switching pulses are 
reduced in size to less than that produced by an activity 
pulse of 10 kev. 
As Is shown in Figure 10, the pbototube output is con­
nected to a White follower. The output impedance of this 
White follower is approximately 10 ohms. With the aid of 
this White follower, the pulses are sent to a remote station, 
i.e., the synchrotron control room. After being amplified, 
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the pulses are analysed in various types of analyzers for 
their half life, energy spectrum and Intensity or yield. 
C. Delay System and Gate Nuraher Two 
Th© photoHiultlpller tube Is gated.-on a few microseconda 
after beam tliae and gated-off at the beginning of the next 
acceleration cycle. Small feed-through pulses appear in th® 
electronic circuit at the beginning and end of this gating 
period. Another saiall pulse, which has a variable amplitude 
depending on the beam intensity, appears during the X-ray 
burst, fhe after-fluorescence of the sodium iodide crystal 
produces a pulse of 15 microaeconds duration and therefore 
appears in the phototube output at the Instant the tube la 
gated into its conducting state. The short time constant in 
the phototube output differentiates this after-fluorescence 
pulse and allows the electronic circuits to recover more 
rapidly. As all these pulses occur extraneous to the desired 
region of observation, it is easy to eliminate them by a 
aecond gating system. This second gate is started after the 
fluorescence pulse and can be stopped at any time before the 
beginning of the next electron acceleration cycle. This 
gate length is determined by the half life of the activity 
and the type of analysis that is being performed. 
The employment of this second gate, besides eliminating 
the pulses that occur extraneous to the counting region. 
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introduces anothdj? desirable feature. The actual measurement 
time can b® limited. For half life measurements, the time 
Interval is limited to ten half lives of the activity, but for 
energy aeasurements it is limited to three half lives. By 
limiting this counting Interval to three half lives, moat of 
the isomeric activity has been observed and the long lived 
background activity is eliminated from the energy spectrum 
measurement, fhis gives much better results as the ratio of 
activity to background drops considerably. 
Figure 11 is a block diagraya of the delays and gate Ho. 2. 
The first delay provides a pulse from 0 to 100 jsicroseconde 
after beam time. This pulse actuates the phototube gate and 
starts another delay. This second delay (Delay No. 2) pro­
vides a pulse 0 to 100 miciroseconds after the phototube is 
gated into a conducting state. The gate that is actuated by 
this second delay controls the pulses that appear in the 
analyzing system. Figure 12 is the electronic circuitry for 
generating these delayed pulses and Gate Ho. 2 The position 
of date io. 2 with respect to the other components used for 
analysing the pulses depends on the type of analysis that is 
being performed. This will be shown in the sections describ­
ing the various types of analyses. 
D. Pulse Analyzing System 
For analyzing the pulses produced in the scintillation 
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spectrometer, three pulse height discriminators are used. The 
type of discriminator that is used depends on the analysis 
that is being perfowaed. For pulse energy distribution measure­
ments, a 234 channel pulse height analyzer (21) is used. The 
pulses are converted to dots on an oscilloscope tube face and 
then photographed. The vertical displacement of the dots 
represents the energy of the transitions. 
In the case of half life measurements, a single channel 
pulse height analyzer serves for preselecting the desired 
activity and the 234 channel analyser is employed for tlra® 
analysis of these selected pulses. As the 234 channel ana~ 
lyaer uses an oscilloscope for pulse height analysis, this 
Instrument can also serve for half life measurements with 
the scope sweep serving as a time base. 
For the measurement of activation curves, i.e., the 
variation of activity as a function of the peak energy of the 
X-ray beam, a ten channel pulse height analyzer provides a 
aeans of following this variation. The shape of the activa­
tion curve and the threshold serve to identify the reaction 
that is occurring. Although other means are employed to fix 
the Identity of the element and isotope in which the transi­
tion occiara, a tentative Identification of these may be 
conjectured from the reaction. 
In the initial search for isomers In an X-ray bombarded 
element, various time mnges are used as counting intervals. 
Thus in the Initial search for Isomers in tungsten, two time 
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ranges of twenty to two hundred microseconds and two hundred 
microseconds to fifteen mllllseconda were used. (The counting 
interral was started twenty microseconds after beam time and 
stopped two hundred ralepoaeconda after beam time, etc.) The 
long gat® of approxiaately fifteen milliseconds should reveal 
th® existence of any long-lived isomers as this measurement 
is equivalent to measuring fifteen milliseconds out of a 
possible twenty ailliseeonds, the beam repetition rate. Good 
energy spectra and half lives are obtainable after finding 
rough estlnuates for the activity and background. 
1, Energy spectra and enerjgy calibration 
Figure IS is th© block diagram of the electronic com­
ponents used for energy spectrum measurements. The electron 
ejection puis® (8,9) triggers delay No. 1 which In turn 
triggers the spectroiaeter into a counting state. Delay No. 1 
is adjusted to such a value that the electronic pulse due to 
tha fluorescence of the Nal crystal has very little overshoot. 
The phototube Is gated-off by the signal that is produced when 
the synchrotron's magnetic field is approximately zero. This 
"zero tin©** signal occurs a few microseconds before the next 
electron acceleration cycle. In this way, the operational 
status of the photospectrometer occurs from about ten micro­
seconds after beam time to the beginning of the next synchro­
tron cycle. 
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fh® pulses from th© gated photoniultIpllar tub© are 
amplified and ar© then sent to the vertical or j-axis of the 
analyElng osollloscop®. The pulses from the amplifier also 
pass through the second gating system before actuating the 
intenaifler circuit of the recording oscilloscope. The five 
to ten microsecond delay of the start of this second gate 
(counting interval) after the turn-on of the phototube 
ellminatea any possibility of energy distortion due to the 
fluorescence pulse overshoot. The adjustment of the length 
of this second gate limits the pulses that go to the recording 
scope to those occurring within three half lives of the desired 
activity. As before stated, this substantially reduces the 
long lived background activity that is observed. As can be 
seen in Figure 13, the activity pulses that go throtigh the 
second gate, besides triggering the intenslfier of the 
recording oscilloscope, are also registered on a scaling 
unit. By this means, a constant check on the coimting rate 
and total amount of activity that has occurred is available. 
The counting rate is held low, i.e., less than ten counts per 
second, so that the dead time of the circuits does not affect 
the observations# 
During the counting interval, which is repeated fifty-
two times a second, the pulses froa the photospectroraeter 
are displayed as dots on the oscilloscope tube face. The 
energy spectrum of the induced activity, as represented by 
the vertical or y-axis displacement of the dots, is photo­
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graphed. Th© film is subsequently analyzed on the Iowa State 
College multichannel analyaer (21). This analyzer has been 
recently remodeled and now subdivides the photographed spec­
trum into 234 channels. 
In order to check the distortion of the energy spectrum 
by th© beam blast, a known energy spectrum, that resulting 
from the decay of Sb^^®(l,2) was displayed and photographed. 
1^0 runs were made under Identical conditions except that the 
X-ray beam was on in one case and off in the other case. 
These two spectra were compared to find the energy shift due 
to X-ray beam effects. No shift was observed in the peaks. 
Also, th© total number of counts under similar peaks remained 
nearly constant for the two cases for the same beam dosage. 
It is therefore assumed that the X-ray beam effect is negligi­
ble for moderately Intense beams and that these effects may 
be ignored. 
fhe energy calibration of the system is obtained by 
using gaarna rays of known energy. The 425 kev and the 174 
kev gamma rays and the 26.2 kev X-ray that arise from the 
decay of Sb^^®{l,2) and the 357 kev, 300 kev and 82 kev gamma 
rays that arise from the decay of Ba^®^ (23) are the calibra­
tion points shown in Figure 14. This graph shows the relation 
between energy and chaimel number as obtained from the above 
spectra when analyssed in the 254 channel film analyzer. The 
energy resolution of the system is about 13^ for the 365 kev 
gamaia rays. In actual practice, when an unknown energy 
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speetrua is photographed, the spectrm of is also ob­
tained. If th© amplification has changed from a previous run, 
th© scales may be readjusted by comparing the peaks of the 
3b^^® energy spectrum to that in Figure 14. 
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The block forms in Figure 16 represent the various 
electronic components for measuring the half life of any 
short lived activity# fhe circuitry shown in this diagram 
la somewhat similar to that used for obtaining energy spectra 
of short lived activities, i.e.. Figure 13. There are, 
however, aeveral slight changes. For measuring activity half 
lives, the recording oscilloscope no longer acts as a pulse 
height analyzer but is used to display the time variation of 
the activity. 1?he sweep of this scope starts at the time of 
the X-ray beam blast and serves as a time basis. The pulses 
from the generator shown in Figure 15 provide calibration dots 
for the oscilloscope sweep. This pulse generator (24) provides 
evenly spaced imrkers of either one microsecond, 20 micro­
seconds or any submultlple of 20 microseconds. For each half 
life, a separate calibration run is made. Figure 16 shows 
a typical example of such a calibration. The relation between 
channel number, as measured by the multichannel analyzer and 
the timing markers is obtained in this fashion for each half 
life evaluation. 
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The amplified pulses from the spectrometer are analyzed 
in a single channel pulse height analyzer (25) and then pro­
ceed through the second gat© to the scop© Intenslfier and 
scaler# The sweep is in the vertical direction on the scope 
face, and the horizontal plates of the scope tube are grounded. 
The activity pulses appear as dots along the sweep of the 
oscilloscope. The photographed activity is then analyzed as 
a function of time on the 234 channel film analyzer. With 
the use of the single channel analyzer mentioned above, any 
portion of the activity energy spectrxim may be chosen for 
time analysis. By setting the single channel analyzer on an 
activity peak, the decay and therefore the half life of this 
peak is obtained. 
The nonlinearlty of the scope sweep and its effect on 
the activity half life is eliminated by the sweep calibration. 
Other nonllnearities, such as changes in dot size across the 
scope face and in the discriminator setting of the multi­
channel film analyzer are possible. The use of a random 
counting technique checks these features. A Sb^®® (long lived 
activity) serves as a source and the integrated counts 
(integrated over time) are found as a function of time. All 
factors which might cause nonllnearities such as scope tube 
face being burned, film drying distortions or film analyzer 
errors appear to Introduce very little distortion as can be 
1 pK 
seen in Figure 17. As the Sb source has a practically 
constant decay rate, the graph should be a straight line if 
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no distortions ar@ Introduced. Although compensating errors 
laaj b® present, this is highly unlikelyj and therefore, it is 
asstiraed that any nonlinearlti®s that are present can be cor­
rected by the sweep calibration. 
For each half life aeasurement, the desired activity, the 
background activity and the time calibration markers are 
recorded in sequence and then analyzed on th© 254 channel film 
analyzer. To check the workability of the equipment, the half 
live® of several known isoaers were measured. The 90 kev 
isomer in Zn^"^, with a reported half life of about 9 micro­
seconds had been found previously by using coincidence 
methods {see fable 1). In this particular case. Figure 16 
was used for sweep calibration. The single channel analyaer 
was set to accept only those pulses occurring in the 90 kev 
region, figure 18 displays the time distribution of the back­
ground activity that occurred in the 90 kev region. With the 
aid of the channel vs time graph, the background activity and 
th© activity from an X-ray bombarded Zn target, the graph in 
Figure 19 was obtained. The value of 9,4tO.S microseconds 
la in good agreement with the reported half life of Zn®'''®. 
67M 
The two reported values for Zn are 8.5 and 9.5 micro­
seconds (see Table 1). By a similar procedure, a value of 
306^5 microseconds was obtained for the half life of 
88M 
The graph of the decay of is shown in Figure 20. The 
reported value for this Isomer is 285f 15 microseconds. 
This isomer has been observed only recently (22). 
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S. Activation meagureaents and beam oallbratlon 
Although other siethods will he used later for mor« posi-
tlv® identification, the threshold and activation curve give 
the reaction and tentative conjectures of the element and 
isotope in which the isomeric transition occurs. To obtain 
this activation curve, i.e., variation of activity with varia­
tion in synchrotron electron energy, the components of the 
analyzing system are again changed slightly. A ten channel 
pulse height selector and a single channel analyzer act as 
parallel units for pulse selection and analyses. The block 
diagram for these circuits Is shown in Figure 21. The 
activity pulses, after being amplified, are sent to the ten 
channel analyzer. These pulses actuate the electronic 
circuits which select the channel according to pulse energy. 
The pxilses from the amplifier also go through one section of 
the second gate and then to the Intensifler for the ten 
channel analyzer. The intensifler fires a surge of current 
through the selected channel when the peak of the pulse 
occurs. This surge of current Is used to register the pulse 
on a sealing unit. With this unit, the growth of the activity 
is followed over an extended activity energy Interval, Both 
th© Isomeric peak and those pulses occurring in the regions 
adjacent to each side of the peak can be followed. This type 
of analyzer thus permits simultaneous analyses of the activity 
and background. The background activity Is obtained from the 
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straight lin@ drawn between the Talley below the isomeric 
peak and the actiirlty beyond the peak. 
In parallel with the ten channel analyzer is a single 
channel analyzer and scaler. In this systera, the pulses 
proceed from the amplifier, thro-agh the single channel ana­
lyser and then to a separate section of Gate No. 2. Those 
pulses passing through Gate lo. 2 actuate a scaler and 
register. 
In obtaining the threshold and activation curve for the 
isomeric transition, it is necessary to know the energy of 
the synchrotron X-rays. The Maxiamra energy of the X-rays 
produced by the high energy electrons in the synchrotron is 
given by the following equation, 
B z yjp^c^ + m§ 
where 
1 s kinetic energy of the electrons 
p a momentum of the electrons 
c = velocity of light 
fflQ« rest B«8s of the electrons. 
As the synchrotron electrons are kept in a circular 
orbit by the magnetic field of the synchrotron, the momentum 
of the electrons is deterialnable from a knowledge of the 
magnetic field at the stable orbit. The momentum, p, of the 
electrons is given by 
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p = iw s erg 
c 
pe = ©rB 
wh©r® r Is th© radius of stability an.d is determined by the 
oscillator frequenej f as 
r s 
STTf 
for electron energies greater than 2 Mev. Thus pcoCB, the 
magnetic field at the electron orbit. 
The Toltage induced in a circular annulus placed above 
the stable electron orbit is proportional to the time varia­
tion of the magnetic flux through its area. Or 
dB 
dt 
r t 
B s a/ V dt f b 
/o 
a and b are constants depending on the area of the annulus 
and other circuit parameters. A voltage integration circuit 
has been built by J. Sriffin {this circuit has not been 
?t 
published) which gives / ? dt in terms of a stabilized 
/O 
reference voltage (hellpot dial setting). The magnetic field, 
B, can be expressed in terms of this dial setting as 
B r aX f b 
and the raaxliBum energy of the X-rays is given by 
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1 = /(AX • 
wh®r© A and B are constants which depend on the various 
•circuit parameters and other constants. 
Two methods are available for determining A and B. If 
the circuit parameters are known, it is possible to evaluate 
A and B. At the time this experiment was performed, these 
parameters were unknown and therefore A and B had to be 
determined experlmentallj. (Later work by J. Griffin and 
H. lasu has verified that the values assigned to A and B were 
approximately correct and could be relied upon in the lower 
X-ray energy range, the region of Importance in this experi­
ment.) For evaluating A and B, two known reactions were 
observed. The Cu®®( y,n)Cu®^ and Be^( y',p)Li® reactions were 
obtained and the yield/dose was plotted as a function of 
hellpot (X) setting. The following table gives the threshold 
values of the reactions in terms of hellpot setting (X) and 
the reported threshold energies. 
Table 2. Threshold energies and hellpot settings 
Reaction Reported threshold Hellpot setting (X) 
0^63 ( 10.9 t0.2 Mev (26) 7.8 - 0.3 
Be^ ( y,p)Ll^ 16.9 1*0.15 lev (26) 11.2 t 0.5 
As the factor is small in comparison to (AX)^, a 
good approximation is obtained for the energy equation by. 
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Tbsref or®, 
1 s AX + B - D. 
s 0.51 M©v. 
1 = 1.62X - 1.25. 
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IV. TUIGSTEI ACTIVITY !®lSmEMEHTS 
A* Bnepgj of Isomeric Transition 
The tungsten target consisted of two 5-mil thick, 2-lnch® 
sections placed in a ? formation. (See Plgurea 1, 5, or 6.) 
In order to duplicate th© neutron flux wh®n the tungsten 
targ®t was bombarded, a S-all thick gold target was bombarded 
during the backgro\md run. Th® energy apectrum of the radia­
tion eraanfttlng from the tungsten target is shown in Figure 22. 
Thl® spectrum has been obtained bj subtracting the background 
actlTltj from the total activity that is produced during the 
tungsten bombardment period. Th© same X-ray dosage was used 
for the background and activity runs. 
The peak at channel 162 in Figure 22 is due to the 
laomerlc transition occurring in the tungsten target. The 
results of four such Measurement® of this peak gave an energy 
value of 366 kllovolts. The 58.6 kllovolt X-raya due to 
the internal conversion of the S66 kllovolt gamma rays occur 
at channel 21, The broad peak at channel 60 is due to back-
scattering of the S66 kev gamma rays from the lead walls of 
the housing, and the small peak at channel 13 is the escape 
peak associated with the tungsten X-rays. The value of S66 1 5 
kev for the tungsten isomer is in good agreement with the 
recent work of Vegors and Axel {private communication). They 
report a value of 568 t 5 kev. The energy calibration for this 
result was deterrained fro« Figure 14. 
04 
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An ©xhaustlv® asarch for additional gamma ray activity 
from th© tungsten target with half-lives between 5 micro­
seconds and 1 hour, and energies from 20 kev to 2 Mev, yielded 
negatiT® results. It is therefore necessary to conclude that 
either the 566 kev state is netastabl® or that there exists a 
highly converted aetastabl® state which decays to the ground 
state through th® 366 kev state. However, if this latter case 
were true, the ratio of the intensities of the tungsten X-ray 
to the gamm mj would have to be unity, A measure of this 
ratio (described under conversion coefficient measurement) 
gives a value of 0.3, thereby determining that the 566 kev 
gamiaa ray arises from an isoaierlc transition. 
B. Half Life of Isomeric Transition 
At least four half life determinations were made for the 
tungsten X-ray and 566 kev gaaaia ray. All of these measure­
ments agree within five per cent. A typical curve is shown 
in Figure 23. A® in the energy spectrum Measurements, a gold 
target was used when th® time distribution of the background 
activity was obtained. In Figure 23, the solid curve repre­
sents a least square fit to the data and the flags represent 
only th© randoffl errors. The value of 14.6 10.3 microseconds 
obtained in this experiment is slightly lower than Vegors and 
Axel's reported value (22). However, since the time of their 
report, they have revised their estimate downward to our value 
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{pri-^at© coBUHunlcation). 
C, K-Gomr@rslon Coefficient 
fh® K X~rays emitted by th® tungsten target represent the 
decay of the 366 kev laoraerlc state via internal conversion. 
As the conversion coefficient is the ratio of the intensity 
of K X-ray® to the intensity of gamma rays, this coefficient 
can be obtained by comparing the intensities of these two 
rays. In this experiment, several difficulties hinder this 
ra©asur®»»nt» Absorption of the rays in the target and Compton 
scattering in the target and surrounding materials introduce 
effects for which corrections must be made. The effect of 
target thickness can be found by varying the target thickness. 
For this purpose, five and ten mil tungsten targets were 
bombarded and the ratio of the two ray intensities was 
obtained. Three different meaaurejaents were made. As the 
ratio did not vary by more than five per cent, and as the 
thinner target is used in all subsequent measurements, the 
effect of target thickness Is neglected. 
The effects of the lal crystal efficiency and Compton 
scattering on the intensity ratio can be obtained in a single 
measurement if a source whose decay scheme is well known is 
substituted for the tungsten target and the intensities of 
the various gamma rays are measured. A source is ideal 
for this purpose since it eis.its a 500 kev gamma ray and a 
68 
357 kev gamma ray, each In coincidence with an 82 kev gamma 
ray (25). For this experiment, the Ba is especially suited 
as the higher energy gamma rays compare favorably with the 
energy of the 366 kev tungsten gajtma ray and the 82 kev gamma 
ray compares well with the energy of the tungsten X-ray. 
The high conversion of the 82 kev gamma ray is unfortunate as 
the conversion coefficient Is not well known. The reported 
value of S.5 {23) appears too high to agree with any pure 
multlpole order or any reasonable admixture. In order to 
check this conversion coefficient, a Ba point source was 
used and care was taken to remove all materials from the 
vicinity of the source and counter to avoid back scattering 
of the rays. P. R. Bellas curves for crystal efficiency 
and peak-to-total ratio (27) were used to obtain an estimate 
of the crystal efficiency. In this same experiment, an 
attempt was made to obtain some experimental verification for 
these curves, the conversion coefficient was computed by 
using both the number of gamma rays under the photo-electric 
peaks and the total number of gamma rays. Both calculations 
agree within the range of statistical error. By xising the 
method of Intensities employed by Hayward, Hoppers and 
Ernst (25), a value of 2.6 was obtained for the conversion 
coefficient of the 82 kev gamma ray. This value compares 
favorably with the value {including the effect of screening) 
quoted in Rose's Tables (28) for an Ml + E2 transition. 
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This value of 2#6 is used in the raeasxirement of the conversion 
coefflciant for the isomeric state in tungsten, (For the 
©valuation of this converaion coefficient, see Appendix C.) 
For ajeasuring the effects of Compton scattering on the 
conversion coefficient for th© isomeric state in tungsten, 
a source was deposited on a thin alurainum backing in 
the shape of the X-ray beara at the target position. The 
source was placed in the target holder within the lead housing 
and the ratio of the intensities of the 82 kev gamma ray to 
the total intensity of the 500 and 357 kev gamma rays was 
measured. This ratio Is designated as Rgg* ratio of the 
28.6 kev X-ray to the 366 kev gamma ray in tungsten was found. 
?lith the conversion coefficient for the Ba 82 kev gamma ray, 
k^ = 2.6, the conversion coefficient for the tungsten 366 
is given by 
(see Appendix C) 
Table 3 summarises the resialts of these measurements 
Table 3. Intensity ratio measurements 
Intensity ratio 
for 5 mil tungsten 
Intensity 
ratio for Ba 
Conversion vyo a w 
coefficient 
1,08 t0.02 
1.03 to.02 
0.96 to.01 
0.94 ±0.02 
0.31 
0.30 
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It is estimated that a reasonable error for 
approximately 10 per cent. Table 4 lists the values of the 
conversion coefficients taken from Rose's Tables (29) for 
various nmltipole orders interpolated for Z = 74 and B = 366 
kev. 
Table 4. Conversion coefficients for various types of 
radiation obtained from Rose's Tables (29) 
El Ml S2 m ES 
1.3x10"^ 0.14 3.5x10"^ 0.41 0.10 
The energy and half-life of the tungsten isomer indicate 
that the transition is predominately M2 (30). The observed 
conversion coefficient (se® Table 3) can be explained most 
reasonably by a 28^ 11 + 72^ M2 admixture, although an admix­
ture consisting of 65^ M2 35^ E3 cannot be ruled out on 
the basis of this experiment. However, a "fast" E3 component 
has never been experimentally observed, whereas an inhibited 
11 component is commonly observed for nuclei with large 
deformations (31,32). 
D. Identification of Element and Isotope 
1. Activity threshold measurement (reaction identification) 
Since the X-ray bombarding energy is above the ( '^,2n) 
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and ( V,p) tliresiiold for tungsten. It was necessary to perform 
measurements to establish which element and isotop® contained 
the isomeric state. Initially, difficulties were encountered 
in obtaining separated Isotopes of tungsten. Therefore, the 
first measurements were mad© with natural tungsten which 
contains and 1^8®. The activation 
curve for the Isomeric transition was obtained by using a 
target containing these isotopes of tungsten. This activation 
curve is shown in Figure 24. Prom this graph, the threshold 
for the reaction is 
% = 7.3i 0.5 Mev. 
This threshold value compares favorably with other {"/ ,n) 
reactions for elements with similar atomic numbers (26). 
Froffl lilsson's article (4) the threshold can be calculated 
frora the equation, 
1th = ^*^0 = A'^/® lev 
and for A r 181 
s 7.25 Mev. 
This threshold is much too low for ( Y,2n) or i Y,p) reactions. 
It is also high for an ( y, y*) reaction. It is therefore 
assumed that the reaction is W^( •y,n)W®®, The fact that the 
level schemes for and are known, and that 
the Isomeric state arises from a (y,n) reaction in a tungsten 
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isotope, eliminates all isotopes but and (35). 
g. Critical X*-ray absorption (element identification) 
Although, th© above assumption was tentative. It has been 
verified by additional experiments. To ascertain definitely 
that the isomeric transition occurs in a tungsten isotope, a 
critical absorption experiment on the X-ray activity from the 
target was performed. Plgiire 25 shows the results of this 
absorption experliaent. The abscissa represents the various 
absorbers used while the ordinate is proportional to the 
number of transmitted X-rays. The dashed line is the expected 
absorption curve for the Ta X-ray from a ( /,p) reaction 
while the solid line is the expected curve for the W X-ray. 
Th® results of this measurement confirms the indication from 
th© activation curve that th© Isomer occurs in W. 
3. Variation in isotope activity (isotope identification) 
To establish definitely which Isotope contributes the 
observed activity, separated Isotopes of and were 
obtained, (by courtesy of the Oak Ridge National Laboratory). 
Figure 26 shows the spectrum obtained in the ten channel pulse 
height analyzer by bombarding the separated isotopes* For 
cofflparlson purposes, the spectruM obtained for the 5 mil 
tungsten target is also shown in Figure 25. From the results 
in Figures 24, 25 and 26, it is clearly established that the 
isomeric state is in 
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Figure 26. Tungsten energy spectra. (a) A comparison of 
the energy spectrum obtained from a 5 mil metal 
W target and a oxide target, (b) A compar 
ison of the energy spectrum from a oxide 
target and a oxide target. 
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¥. DISCUSSION 
A. Siammary of Sxperlraental Results 
Tim results of the irarlous measurements performed on the 
timgsten isomer are suiamarlzed in the following table. 
Table 5. Summary of measurements on the tungsten isomer 
Element and Isotope ^IBl 
Energy of Transition {B^) 3661 5 kev 
Half Life of Transition <t|) 14.6 t 0.5 A" 
Conversion Coefficient 0.5 t0.03 
Classification of Transition .28E1 + . 72M2 
Reaction Leading to Transition 1^ 182 ( J.|I^ 181hi  
Reaction Threshold (Ej^ ) 7.5 to.3 Mev 
B. Theoretical Interpretations 
The energy levels for the last nucleon in nuclei with 
various deformations have been calculated by Nllsson (4). 
The energy levels for nuclei with proton values from 50 to 
82 are shown In Figure 4, and for nuclei with neutron values 
from 82 to 126 in Figure 27. The predicted ground state spin 
of assuHiing a deformation of 0.25 is the i^g^g(H= 9/2) 
(+)(Io« 49) level shown in Figure 27. The only choice of a 
first excited single particle state which agrees both with 
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tlie results of this ejcperiment and the theoretical predictions 
la the ^7/2 ( il - 7/2)(-) (lo. 41) level shown in Figure 27, 
This would mean that the excited nucleus prefers to have two 
neutrons in the Ct ^ 9/2i+) state, leaving behind a hole in 
the fl s 7/2(~) state# With this Interpretation, the 
Inhibited El transition observed in this experiment ia ex­
plained as follows: At small deforwations, the isomeric 
transition is between a pure ^ig/g state and a mixture of the 
hgyg and the nucleonic states. In this case, 2 and 
the El transition is forbidden. In the lirait of large deform­
ations, the components of the orbital angular momentum -A, 
and spin X $ along the axis of sjiosnetry of the nucleus, are 
individually good quanttim numbers. As the Initial and final 
states for the two levels have opposite spins, in the liTnit 
of large deformation the El transition is again forbidden. 
For intermediate deformations, the involved levels are not 
pure and the orbital angular momentum and spin components, -A. 
and t , are not strictly good quantum numbers. A calculation 
shows that the theoretical transition rate remains quite small 
for an 11 transition. In this particular case, for the 
deformation ^ 2  0.23, the El transition probability f o r  
the 7/2(-) to the 9/2(4-) level is Inhibited relative to the 
corresponding spherically syrametric single particle model 
result computed by Mosjskowski (54) by a factor of 10""^. This 
calculation is shown in Appendix A. A small change in the 
coefficients of Nilsson's wave functions could easily change 
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this result bj a factor of 10" . In fact, a 5 per cent change 
of on® of th® larger coefficients would completelj eliminate 
the 11 component. Thus the theoretical estimate of the El 
transition probability justifies the experimental results 
obtained. Specifically, it Justifies the interpretation of 
the half life aiid conversion coefficient as resulting from a 
mixture of El and 12 transitions. 
An explanation must also be given for the fact that no 
rotational level is found in the observed spectrum. (For an 
explanation of these rotational levels, see Appendix B.) 
With the above interpretation, the rotational level would be 
expected to have a spin of ll/2{ + ). The ratio, Rij, of the 
transition probability of the two gamma rays due to the 
nucleonic transition between the K r 7/2{-) state and the 
two members of the rotational family of the K - 9/2{•i') state 
la small. For any rotational state of energy less than 120 
kev, the ratio of the transition probability for an M2 transi­
tion is less than 8 per cent (see Appendix B). It is improb­
able that such a weak transition could be observed in the 
presence of th© background produced by the Compton scattering 
of the 566 kev gaama rays. 
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VIII. APPSMDICSS 
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APPEMDIX A 
For an asymmetric oscillator with an axis of aymmetry 
z, tiie Harailtonian is given toy the equation 
H = y2) t cKgZ^. 1 
2M 
If tlie coordinate acale is changed by a constant factor 
, and if VQ la allowed to be zero, then one obtains 
H g & 7^ 4- Y^) • 0(gZ^ ^  . 2 
In Nllsson's model, the following definitions are made 
0<^ = (1 4' 2/3 <f) 
^2 = {1 - 4/3 ^ ) 
where ^ is the deformation parameter (see Figures 4 and 27). 
Substituting these wlues for and g in equation (2) 
gives 
H " 5^ - t - (8/3) r^ YgQ /J= 
o 
where is the Hamlltonian for a spherically symmetric 
harmonic oscillator and is the Hamlltonian representing 
the coupling of the particle to the axis of deformation, i.e.. 
: f - t r^ l 
—5— U 
o 
2 
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(8/3) r® ^^5 YgQ ^ Z 
2 
where YgQ Is a normalized spherical harmonic ftmctlon. 
If the J *J and Jt* s terms are included, then 
o — — — « 
H = + H ^  + b ;e • je f r k* s. 
To obtain th® Harailtonian in a simplified form, lllsson (4) 
makes the following substitutions, 
"X = - 1/2 -|-
r-
r-
R = OU - si- s - 'g-K . 
With these substitutions H assumes the following form, 
H =  4  
lllsson assigns values to yU for each N-shell so as to repro­
duce as closely as possible (for " O) the experimental 
sequence of shell model levels. 
If the solutions for Schrodlnger's wave equation for a 
spherically sjmmetrlc potential are used as representative 
o 
vectors, then Is diagonal in this representation. The 
eigenvectors of H can be expressed as linear combinations of 
nw 
o 
2^ 
f 
X ^ o (/) = X. fl- -(16/2'?)5^1 
^ ^ L 
-1/6 
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the spherically sjraraetric oscillator wa-^e ftinctions. That la 
21 . 5 
In this representation, a configuration is easily chosen in 
which the energy of the particle and jO. are constants of 
the motion, 
s -- -O-/1 = • « 
Rpom ©qtiatlons 3 and 4, and th© conditional requirement 
expressed in equation 6, the energy eigenvalues are 
% = 5/2)fi U^{ S ) - i 
where eigenvalues of the matrix, 
c denotes the different eigenvalues of this matrix. There­
for®, 
/i • /mc>= ^  =rAH.<,iiti/e,t|''^ .ntV2.C>. 
The last suiamation is over the various values of J?,il tl/2, 
and ^ tmder the condition that a. remains constant. (IJ and 
JIL remain good quantum numbers; but H^JOl til/2 and ^ may 
vary.) The dlagonallzation of th© matrix R gives the eigen­
values , and th® elements of the matrix which 
a/le' 
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diagonalizea R are the coefficients of the spherically sym­
metric wave functions In equation 5. 
Prom Figure 26, th© level occupied by the 107th neutron 
in a nucleus with a deformation of 0.25, i.e., the last neutron 
in lies on line 49. The functions contributing to the 
isomeric transition In tungsten involve the levels associated 
with 1 = 5 with JTl s 7/2(-), and H = 6 with IL ' 9/2(^), i.e., 
lines 41 and 49. From Hllsson's article (4) the following 
f\motlons and associated coefficients are obtained for the 
levels associated with lines 49 and 41. 
= (.944)<664+| {.126)<644+| -I- (.303)<666-l 
7 
a {.278)/553+> • (.258) | 535+> - ( .930) j554->^ 
The parity of is (t) and the parity of is {-). 
In th© case of an admixture of various types of radiation, 
it la necessary for the fast components to be inhibited by a 
large factor in order for th© slow components to appear in 
measurable quantities. Thus, in the transition involving 
and the 11 transition probability must be inhibited 
by a factor of 10® in order for the M2 transition to appear. 
To find this Inhibition factor. It Is necessary to evaluate 
the El component of the above transition, i.e., it is necessary 
to solve the integrals In the following expression, 
(.263) <6644-1 Of 553+> • (.035) < 644 4 10| 553f > 
8 
f (.030) <6444-|0|53S-»> -{.285) <665-|0/554- > 
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TMs, ©qtiation 8, is tha El component involved in equation 7. 
0 is the dipole operator. That la 
0 s ssLL-I® r Sin 0 . 
18 /Tj 
In order to evaluate the Integrals expressed in 8, the various 
wave functions Involved mat b® obtained. These wave func­
tions are obtained from the solution of Schrodinger'a wave 
equation for a symraetric harmonic oscillator. From eq\iatlon 
(3), 
+r=J. 
The solution for the total angular momentum wave equation are 
the well known spherical harmonics, 
„  . R e  i  +  1 ) (  J J  - / m / )  n  ^  l i n o  
^ •» -L-1 (TTwtlJ / • • 
Th© radial equation is given "by 
or 
+ 2 R' ^  - r^  - jLUmiJ R = 0 . 
Th© solution for this equation is 
2 
H = Z "3 9 
J 
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The recursion relation for the above equation is 
2k^- 2{2J -d) - S 
' " (2j4.d+2)2 4. (2j+d*2) - Jf< ^  + 1) 
From the lowest terra, j - 0, the value for d is obtained, 
+ d = f 
d » /, or d = - ( J? + 1), 
For the function to remain finite at the origin, the second 
value for d must b© excluded. Therefore, d is equal to ^  • 
For large values of j, 
^j+1 ' 1 ' ji ' 
r£ r£ 
R = a r e ^ r^ = a r e^ 
J IT 
This approximation shows that R Is not finite for large 
values of r if the series is infinite. Therefore, the series 
nmat terminate if the probability of finding a particle at 
large distances is to be small. Therefore, 
or 
2k3^ - 2(2Jfd) -3 = 0 
s 2J 4 i -I- S/S . 
Letting kj|_ = 1 •f 3/2, the recursion relation becomes 
ajtl = yg - Vg - .1 10 
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and th© energy levels are given by 
% a {N to s (2J f X + 2/2)^i cJ , 
Th@ total wave function for a spherically symmetric harmonic 
oscillator is given by 
As the spherical harmonica are normalized, the normalization 
of the total wave function la found by normalizing the radial 
portion of the function. That is 
where are now normalized radial functions. Prom equation 
11 and the recursion relation expressed in 10, the various 
equations for R are obtained as 
r2 
= y. r' Z a r^^ 
- Xjpja r e a^  
Per convenience let ^ f 
11 
Tli0 normalizing of these functions gives, 
'^ 00 ...^ .^ -1—II -  ^ ....|- f  ^ 9 
pgUs/ilyi jpj (9/2) I 2/11J t 
55 j-^ 5 (11/2) gt ' [rj (7/2) I 2/9 
wher« Tn = A-fe- • The total wave functions then are ® V M<0 
"^ 664+ = '^ seRee'ife* = £,S (i3/2),Ji 6^4f® • 
S^ 644, = Ae4H64^ 44 = ' 
lZ/ - » p V - 1 V 
yiB!. - ^ 56^ 55^ 58 " [-^ 3 5JJ ''sS ? 
%3t = ^ SSWSS = Jr«(7/E) I 2/9] i ''33?'''^ .-^®(l-2/9f) 
•^ 665- = '^ eeSse^ es * ^ yTlbiTijl 
•^ 64- = AbbR66^ 54 = J-^ S (n/g) ji • 
®i® integrals Involved in th© B1 component, equation 8, 
ar or r 
<i,/,ja-i,c IO/N', je \ol '(\i! > 
may be evaluated with the aid of the following relations (35) 
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^ip ft Y - -Y- nTfm-»l)(l»m42) 
« sin 9 J {2ifl)(2l+S) 
*Y- , , M i-m) (#»m-2j 
^ (2JL-1)(2X-+1) 
0-M sin 9 Yi^ = ^ T 
%m Z+l,®-! J (2l-l)(2J?-3) 
-Y • ,  ^ T /liSiSiir 
y (2X-1)(2?+1) 
and ths normalized dlpole operator, 
0 s r sin 9 LsrJ 
z is the effective charge of the nucleon. The values of the 
integrals In th© El component then are 
<664t|0(65St>' = <644*|0l663»> = , 
< 644»-|0f633+> = <666-|0/B54-> : -g[E]3' 
where g : z . 
<lC tl°l ^ 1> = 8 C -(.263) < 2.02> - (0.03) < 2.211> 
-(.035) < .142> f {.285) < 2.236>J 
= g[0.03j. 
Th© most convenient method for obtaining the ratio of 
th® transition probabilities of an inhibited SI transition 
and a noraial El transition is to divide both sides of the 
above equation by any one of the normal 11 integrals in the 
94 
alsove expression, i.e., 
and then square the reault. (The transition probability ia 
the square of the above factors.) This gives the ratio 
2 This factor or ratio is still too large by 10 , but a small 
change in valtie of the coefficients given by Hilsson would 
yield th© proper inhibition. In fact, a 5 per cent change in 
one of the larger coefficients could completely cancel the 
11 component, 8. 
181 
If the deformation for W is less than 0.2, it is 
possible to have a transition from the 9/2(4-) (No, 49) level 
to the 7/2(-) (Ho. 48) level. A coroputation of the transi­
tion probability involving these levels indicates that the 
SI component of such a transition is also inhibited by a 
factor of 10 , Under these circumstances one cpnnot com­
pletely rule out this transition. However, in addition to 
18 X the fact that the most likely deformation for W is greater 
than 0.2, the pairing energy would favor having two nucleons 
in the 9/2( + )(lo. 49) level. This pairing effect, which is 
not taken into account in lilsson*s calculations, and probable 
deformation make the most likely choice for the first excited 
state as the 7/2(-) (No, 41) level. 
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APPENDIX B 
The various vectors Involved In nucleonlc motion are 
shown in Figure 28. These vectors represent the following 
quantities, 
s angular raomentum quantum nuraher of the nude on, 
"s « intrinsic spin of the nucleon, 
I = J + S , 
R = the collective angular momentum due to the motion 
of all the other nucleons, 
r the total momentum of the nucleon 
=  7 + 7 + 1 ,  
Ji = the projection of / on the axis of symmetry, 
X = the projection of "s on the axis of ayrametry, 
Jx s the projection of j on the axis of symmetry, 
1 z the projection of f on the axis of symmetry. 
In a nonexcited state, i.e., the ground state, I lies 
along the nuclear axis and 1^ s /I = K, The collective 
motion of all the other nucleons, R, (this excludes the 
nucleon considered as a single particle) is zero when the 
nucleus is in its ground state. 
With variations in the magnitude of the rotational vector 
R, the energy level of the single particle is also varied. 
Due to this variation in R, the vector I may have values of 
IQ, IQ+1, etc. Thus a series of rotational excitation 
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z 
0 
figta*® t8» fnflous TOmeuta 'veetoFi and ajtlal 
e©ffipoii«iit«. 
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levels is superimposed on each single particle level. An 
excited nucleon may decay via these rotational levels in 
performing single particle transitions. 
In the case of a rotational level should exist 
between th© isomeric level and the ground state. This level 
should give rise to additional gamma ray lines of lower energy. 
In the ground state, s -Ols K a 9/2Ct). Therefore, the 
first rotational level should be I s ll/2(-*). The ratio R^, 
of the transition probabilities for the emission of a given 
iroltipole radiation from a state i to two different members, 
f and f*, of a rotational family la given by, (56) 
t"% 2Ii 4" 1 . <5 
Where 
E s energy of the emitted gamma ray, 
I s total angular fflomenttua, 
L = multipole order, 
IC = the component of I along the synmietry axis of the 
nucleus. 
The quantities within the brackets are the Clebsch-aordan 
coefficients for the addition of angular moments. For the 
isomeric transition in tungsten involving the M8 decay, the 
following scheme is proposed. 
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I s JX = K s 7/2 
I = 11/2, K = 9/2 
I s Jf). = K = 9/2 
Prom CoMon and Shortley (S5), the following relations are 
obtained; 
for 1^ 5 2, = 1, L = 2 
< I^ ,2 ,K3^, l i l l , 2 , I f ,%> =  / {1  42)  ( I  I f  Kf  42 )  (13^  fKf  4 l )  { I  j^ I^ )  
/ (2Ii4l)(Ii+l)(2Iii-3){Ii42) 
and for I|. » I^^+l, 2 1, I/s2 
X (Ii-2K|.t2) . 
Therefore, 
^ rg^ljdi-Kffe) (Ii»%42) 
L (2Ij^ 4S) 
For l£ = 7/2, s 9/2 and L s 2 
fJ 
2Lfl 
1 
(Ii-2K|.+2 
For E2 " kilovolta and =0.7 Eg then 
RJ z 0»00 • 
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APPEMDIX C 
The following ia a derl'^ ation of the equations used 
for obtaining the conversion coefficients of the 82 kev garana 
ISS 
ray In Ba and the 366 kev gaiama raj in tungsten (2). 
I 
M = -
a o 
lit A I  
where 
M = the number of gaaima rays observed under the 
a o photoelectric peak 
s the total number of garama rays and X-raya emitted 
in the direction of th« Mai crystal 
SB. = crystal efficiency 
a indicates a gamiaa ray of a particular energy 
^ s integrated number of counts under peak 
total number of gajTsaa rays detected by crystal 
the conversion coefficient. 
The quantity s-a '• close to unity for a = 82 kev 
and is small for the 300 kev and 557 kev gamma rays. 
Therefor©, 
82^ o^ 82^ t^ ^  t 
300\ ^ 357^ 'o 300^ t ^ 500 f 300*^  357®t ^  357 ^  357 
; 82^ t / 
o Ba *" (300 4  357)^ t f 1^ 300 ff) 300 **" °2 ^357 §) 357^  
8 2 ^  ^ 1  
" TiooTsBTpt S '*~k®^82^ 
where is the average crystal efficiency for the 300 and 
357 kev rays. 
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fi 82 t 
(300 4 S57)^ t^ 
since both the 300 kev and 357 kev rays are in coincidence 
with th® 82 kev rays. Therefor®, 
1 1 
o I3a -
fs'hen within th® lead ho-using o^ g,^  changed by a factor b, 
that is "b s o®Ba* 
For the tungsten Isomer 
k^w - 60% = 60^ o^ ^  366 (|J366 
366^ 't 
366 o^ 60 
^60® ^ 
k^w 0^^366(1)366 
P s ^ 
S66 f 366 C * 
Therefore, 
" «, By, 
" ' ""Bad-^k"* 82' 1-
